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Figure 1 


A decade of technical studies of space station concepts, including supporting studies relating to 
utilization, operations, ground support, and other aspects, has laid the foundation for the present 
NASA effort. This figure illustrates some of the major configurational concepts that have been 
examined, ranging from 2-man to 36-man systems. The Manned Orbital Laboratory uas an approved 
development program until its cancellation last year by the U.S. Air Force. The Sky lab is an approved 
program now underway as an outgrowth of earlier spent stage studies. 

It is generally concluded from studies to date that the next step in manned space flight for exploiting 
the near Earth environment should be a multi-disciplinary space station providing crew accommodations 
for a crew on the order of 12 men. Present study effort is concentrated on defining such a program to 
a preliminary design level. 



PRESENT SPACE STATION PROGRAM 




TECHNICAL STUDIES 

• UTILIZATION 

• CONFIGURATIONS 

• OPERATIONS 

• LOGISTICS 

FACILITY PLANNING 

• EXPERIMENT DEFINITION 

• SKYLAB EXPERIMENTS 

• PROJECT TEKTITE 

ADVANCED TECHNOLOGY 

• SUBSYSTEMS 

• HUMAN FACTORS 


NASA HQ MF70-6049 
•5-25-70 


Figure 2 


The present program encompasses three main areas of effort: technical studies of the space station and 

its related uses and operations; definition and planning of experiments and integrated observatory-type 
space facilities; and research and development on advancements in technology which may have application 
in this program. 

Technical studies include analyses of science and applications uses of the station, engineering con- 
figurational designs, analysis of launch and flight operations , and the evaluation of logistics resupply. 
Facility planning includes the definition of specific flight experiments by potential principal 
investigators, the development of precursor experiments to be flown in the Skylt.b Program, and the NASA 
participation in Project Tektite, where rotating crews are performing a scientific mission in a hostile 
environment beneath the ocean surface. Advanced technology activities include both efforts on mechanical 
subsystem elements and also on men and their relationships in space station environments. 
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Figure 3 

The present study effort is focused about a number of contracts with industrial firms, with emphasis 
being placed on the Blase B (Program Definition) Studies by the North American Rockwell and McDonnell 
Douglas teams. These two primary studies will be discussed in some detail in the next two briefings. 

In order to place the total study program in proper context, it should be remembered that the other 
studies in this chart are intended primarily to provide additional inputs to the Blase B Studies and 
the planned follow-on efforts. In the area of Payloads, two studies are underway, one by McDonnell 
Douglas looking in further depth at experiments which should be considered for the space station, and 
smother by Convair on modular concepts for accommodating these experiments. In Operations, two studies 
are addressing information management and crew operations by Mitre and Grumman, respectively. A 
Safety study was recently completed by Boeing and a continuing Habitability analysis has been underway 
by an industrial design concern, Loewy-Snaith . The final effort is the Aerospace contract which is 
multi-disciplinary in nature, covering such related concerns as mission operations, space tug, and 
nuclear shuttles. Each of these studies will be described in more detail on subsequent charts. 
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Figure h 

The Earth Orbital Experiment Requirements study seeks to identify desirable space observations and 
measure me nts vhich would benefit from man's participation, determine the technology to be developed 
for their accomplishment, analyze data management requirements, and assess the costs and schedules. 
■Diese results are being used in space station payload planning and to indicate requirements vhich the 
space station must meet to support and accommodate such experiments . This effort is sponsored by all 
of the NASA Program Offices, but the contracted effort at McDonnell Douglas is under the specific 
direction of the NASA Langley Research Center. The approximately one-year effort will consume the 
equivalent output of 30 men, though many more than this number are involved in various phases of the 


study . 
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Figure 5 

The Experiment Module Concepts study is a major effort directed toward attached and free-flying modules 
which can accommodate integrated packages of experiments to "be operated in conjunction with the space 
station. In addition to this special emphasis study, each of the Hiase E contractors will report on 
analyses which they have conducted of similar concepts. 

The study first analyzed common elements of the experiment program which could be grouped on modules, 
then assessed the minimum number of modules required, and is presently developing conceptual designs 
for those selected. 

In addition to providing valuable information to the Space Station contractor, this study is paving the 
way for specific Fhase B level studies on the modules, and defining guidelines for further experiment 
planning. The NASA Marshall Space Flight Center directs this 20 man-year effort at the Convair 


Division of the General Dynamics Corporation. 
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Figure 6 
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The Information Management Study is addressing the question of how to handle the multitude of kinds of 
data that will he required in the conduct of a space station program, both for its operation and its 
utilization. Its objectives are first, to define the data requirements, then to identify system concepts 
for handling this data, to select the best approaches and then determine criteria for system design and 
development. This effort supplements similar analyses by the Riase B contractors and will provide 
valuable criteria for the evaluation of the proposed concepts and selection o J approaches to the final 
design and operation. The study is being directed by the NASA Manned Spacecraft Center and requires 
10 man-years of effort by the Mitre Corporation. 
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Figure 7 

Since the maximum crew size that we have used to date in space is 3, the Crew Operations Study is 
intended to define the command structure that should be considered for larger crews such as a space 
station would have, and to investigate selection, training and duty cycles for such crews. This 
study will impact the more detailed design of the station, the astronaut selection and training plans, 
the requirements for ground and flight simulations, and the mission operating plans. It is presently 
in the final stages of contract negotiation and will be under the direction of the NASA Manned Spacecraft 
Center. The Grumman Aerospace Corporation is the contractor for this 3 man-year effort. 
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Figure 8 

The Damage Containment and Control Study vas a recently completed 8 man-year effort by the Boeing 
Corporation, conducted under the supervision of the NASA Manned Spacecraft Center. Its objectives 
vere to establish early safety guidelines for the space station and to provide a tool for evaluation 
of the space station design from the safety standpoint. 282 guidelines vere derived vhich have nov been 
provided to the space station Riase B contractors for possible application. The conceptual designs 
developed to date are nov being assessed in terms of their adequacy in handling hazards in the 12 
different safety areas vhich vere identified. 
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Figure 9 


The Habitability and Crew Equipment Study is considering interior designs for the space station with 
special emphasis on long-term manned habitation problems, exploring innovative concepts for handling 
materials, and preparing soft mockups and models of the crew living and working areas. These results 
are being used by the space station design teams and in some cases are being selected for preliminary 
evaluation in the Skylab missions. This contract with Loewy-Snaith requires about 8 man-years effort 
and is under NASA Headquarters direction. 
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Figure 10 

A sizeable study effort has also been underway for the last year by the Aerospace Corporation under 
NASA Headquarters direction. In this study analyses have been made of simplified concepts for conducting 
mission operations, of conmon applications of space station systems in shuttle and other future programs, 
of the sensitivity of various space station cost factors, and of the utilization of both Earth -to -orb it 
and orbit-to-orbit shuttles (or space tugs). The results of this study are being used for long-range 
integrated planning efforts, in considering interface problems between major systems and programs, and 
as direct inputs to the space station designs. 
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Ihe previous charts (U-10) described the supporting studies in the Space Station Program. This chart 
summarizes the Phase B (Program Definition) studies which constitute the prinary effort now underway and 
which serve as the focus for all related technology, planning and study efforts. The reminder of this 
briefing will describe the philosophy underlying this activity and the sunmary technical basis for the 
studies, which will then be covered in detail in subsequent briefings. 

The objectives of this study are to define a total space station program, to assess the station use for 
special orbit missions, to evaluate its growth capability to a large space base or planetary mission 
module, and to examine the interfaces with potential logistics resupply systems. Upon the completion 
of Phase B definition studies, final design and development can be considered. 

The efforts to date have required on the crder of 75 man-years effort each and have been performed by 
major industrial teams under the supervision of NASA center task teams. The Manned Spacecraft Center 
contract is with the North American Rockwell Corporation, with the General Electric Company as a prime 
subcontractor. The Marshall Space Fligrt Center contract is with the McDonnell Douglas Astronautics 
Corporation, with the Martin Marietta Corporation and the International Business Machines Corporation 
as prime subcontractors. 
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Figure 12 


Although the major emphasis of the Ihase B Study Is a 12-man space station for lou Earth orbit, the 
contractors uere asked to first consider a 50-man space base into uhich the station could eventually 

evolve • 

A candidate experiment program, uhich ulll be described In more detail In another briefing, uas given 
to the contractors to provide a science and applications program to be accommodated, the contractors 
uere asked to consider Interfaces betveen the base or station and potential logistics systems: an 

Interim or Initial system based on previous studies of expandable concepts derived from the Gemini/ 
Apoilo/Saturn family; and an advanced logistics system (the Space Shuttle). The contractors uere also 
directed to examine the applicability of the station design to geosynchronous and lunar orbit missions 
B nd as a manned planetary mission module. 
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Figure 13 

As shown on this chart, the distribution of effort during the Phase B studies was designated and the 
outputs from the study in each area vere also specified. These outputs vill be provided to MSA in 
the form of documents to be delivered by September of this year. It is anticipated, however, that 

areas of weakness in the present studies will continue to be examined in an extension of the present 
contracts. 
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Figure 14 


Although this is a total program study, all elements of the program vill not he defined, nor vill 
system elements be designed, to the same level of detail. This chart indicates the level of detail 
that is anticipated in each area of the contract. 
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The General Guidelines vhich vere issued for this study stated an operational readiness for the station 
of 1977 and several years later for the base. It vas assumed that a data relay system -would be available 
in time for initial operations vith the station. 

The primary mission specified for both the station and base vas to provide routine operations of a 
multi-disciplinary laboratory in lov Earth orbit at 55° inclination and at altitudes betveen 370 and 
550 kilometers. It vas also emphasized that the station and base vould be expected to provide centralized 
functions for both attached and free-flying modules. A specific guideline for the station vas its 
capability for launch into a lov Earth orbit at polar inclination. It vas also assumed that the base 
vould be capable of serving as a central support facility for advanced geosynchronous, lunar, *nd 
planetary missions. 
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Figure 16 

This chart enqshasizes the nev philosophy of both concept and operations which is to be embodied in 
the space station program. Although every item on this chart does not require the same degree of 
sophistication or breakthrough in technology, taken in total it represents a major in the 

manner of conducting manned space operations. 
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Figure 17 


Hie Specific Guidelines for the Space Station vhich vere given to the Riase B contractors are sunmarized 
on this chart. The requirement for artificial gravity is to accomplish an assessment of such operations 
for a short period of time; however, the primary operational mode of the station over its extended life 
•would be at zero gravity. Hie upper limit on diameter was based on the size of the Saturn V launch 
vehicle. Other guidelines are self-explanatory. 
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Figure l8 

The major difference in guidelines for the "base is in the requirement for simultaneous provision of 
artificial gravity and zero gravity. This requirement comes from a subjective evaluation concluding 
that vhereas some gravity level may not he required from a physiological standpoint, it may be desirable 
for convenience sake in long term operations, vhereas the major laboratories and observatories onboard 
vill probably desire zero gravity. Other modifications in guidelines represent a further maturation 
of space operations and increase in the size of the crew. 
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These guidelines -were those given to the Space Station Phase B contractors for the assumed Space 
Shuttle to be considered. They are essentially in consonance with the guidelines being utilized 
in the Space Shuttle Riase B Study presently being initiated. 
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Figure 20 

In addition to the basic guidelines which have been summarized, each contractor was asked to put 
special emphasis on ten areas of his study effort. These areas are listed on this chart together 
with additional special emphasis tasks which were proposed by, and included in, each contractor's 
effort. Note that, in general, most of the special emphasis tasks embody considerations which would 
impact the station design or program concepts across the board, rather than in one specific area of 
the study. 
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